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FOREWORD

This handbook on Mediterranean Ports was
developed as part of an ongoing effort at the Naval
Environmental Prediction Research Facility to create
products +for direct application to Fleet operations.
The research was conducted in response to Commander
Naval Oceanography Command (CNOC) requirements validated
by the Chief of Naval Operations (CNO).

As mentioned in the preface, the Mediterranean
region is unique in that several areas exist where local
winds can cause dangerous operating conditions. This
handbook will praovide the ship’'s captain with assistance
in making decisions regarding the disposition of his
ship when heavy winds and seas are encountered or
forecast at various port locations.

Readers are urged to submit comments, suggestions
for changes, deletions and/or additions to NOCC, Rota
with a copy to the oceanographer, COMSIXTHFLT. They
will then be passed on to the Naval Environmental
Prediction Research Facility for review and
incorporation as appropriate. This document will be a
dynamic one, changing and impraving as more and better
information is obtained.

M. G. SALINAS
Caommander, U.S. Navy
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PORT INDEX

The following 1is a tentative prioritized 1list of
Mediterranean Ports to be evaluated during the five-year period
1988~92, with ports grouped by expected year of the port study’s
publication. This list is subject to change as dictated by
circumstances and periodic review.

1988 NO. PORT 1990 PORT
1 GAETA, ITALY BENIDORM, SPAIN
2 NAPLES, ITALY ROTA, SPAIN
3 CATANIA, ITALY TANGIER, MOROCCO
4 AUGUSTA BAY, ITALY PORT SAID, EGYPT
5 CAGLIARI, ITALY ALEXANDRIA, EGYPT
6 LA MADDALENA, ITALY ALGIERS, ALGERIA
7 MARSEILLE, FRANCE TUNIS, TUNISIA
8 TOULON, FRANCE GULF PAMMAMET, TUNISIA
9 VILLEFRANCHE, FRANCE GULF OF GABES, TUNISIA
10 MALAGA, SPAIN SOUDA BAY, CRETE
11 NICE, FRANCE
12 CANNES, FRANCE 1991 PORT
13 MONACO = meem e e
14 ASHDOD, ISRAEL PIRAEUS, GREECE
15 HAIFA, ISRAEL KALAMATA, GREECE
BARCELONA, SPAIN THESSALONIKI, GREECE
PALMA, SPAIN CORFU, GREECE
IBIZA, SPAIN KITHIRA, GREECE
POLLENSA BAY, SPAIN VALETTA, MALTA
VALENCIA, SFAIN LARNACA, CYPRUS
CARTAGENA, SPAIN
GENOA, ITALY 1992 PORT
LIVORNO, ITALY =  —momrme e e
SAN REMO, ITALY ANTALYA, TURKEY
LA SPEZIA, ITALY ISKENDERUN, TURKEY
VENICE, ITALY IZMIR, TURKEY
TRIESTE, ITALY ISTANBUL, TURKEY
GOLCUK, TURKEY
1989 PORT GULF OF SOLLUM
SPLIT, YUGOSLAVIA
DUBROVNIK, YUGOSLAVIA
TARANTO, ITALY
PALERMO, ITALY
MESSINZ, ITALY
TAORMINA, ITALY

PORTO TORRES, ITALY

iv
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PREFACE

Environmental phenomena such as strong winds,
high waves, restrictions to visibility and thunderstorms
can be hazardous to critical Fleet operations. The cause
and effect of several of these phenomena are unique to
the Mediterranean region and some prior knowledge of
their characteristics would be helpful to ship’'s
captains. The intent of this publication is to provide
guidance to the captains for assistence in decision
making.

The Mediterranean Sea reagion is an area where
complicated topographical features influence weather
patterns. Katabatic winds will flow through restricted
mountain gaps or valleys and, as a result of the venturi
effect, strengthen to storm intensity in a short period
of time. As these winds exit and flow over port regions
and coastal areas, anchored ships with large ‘sail areas’
may be blown aground. Also, hazardous sea state
conditions are created, posing a danger for small boats
ferrying personnel to and from port. At the same time,
ad jacent areas may be relatively calm. A glance at
current weather charts may not always reveal the causes
for these loucal effects which vary drastically from point
to point.

Because of the irregular coast line and numerous
islands in the Mediterranean, swell can be refracted
around such barriers and come from directions which vary
greatly with the wind. Anchored ships may experience
winds and seas from one direction and swell from a

different direction. These conditions can be extremely
hazardous for tendered vessels. Moderate to heavy swell
may also propagate outward in advance of a storm
resulting in uncomfortable and sometimes dangerous

conditions, especially during tending, refueling and
boating operations.

This handbook addresses the various weather
conditions, their 1local cause and effect and suggests
some evasive action to be taken if necessary. Most of
the major ports in the Mediterranean will be covered in
the handbook. A priority list, established by the Sixth
Fleet, exists for the port studies conducted and this
list will be followed as closely as possible in terms of
scheduling publications.
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1.

GENERAL GUIDANCE

1.1

DESIGN

This handbook is designed to provide ship
captains with & ready reference on hazardous weather and
wave conditions in selected Mediterranesn harbors.
Section 2, the captain’'s summary, is an abbreviated
version of section 3, the general information section
intended for staff planners and meteorologists. Once
section 3 has been read, it is not necessary to read

section 2.

Objectives

The basic objective is to provide ship captains
with a concise reference of hazards to ship activities
that are caused by enviraonmental conditions 1in various
Mediterranean harbors, and to offer suggestions for
precautionary and/or evasive actions. A secondary
objective is to provide adequate background information
on such hazards so that operational forecasters, or other
interested parties, can quickly gain the local knowledge

that is necessary to ensure high quality forecasts.

Approach

Information on harbor conditions and hazards was
accumul ated in the following manner:

A. A literature search for rererence material
was performed.

B. Cruise reports were reviewed.

C. Navy personnel with current or previous area
experience were interviewed.

D. A preliminary report was developed which
included questions on various local con-

ditions in specific harbors.
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E. Port/harbor vigsits were made by NEPRF
persannel considerable information was
obtained through interviews with local
pilots, tug masters, etc; and local reference
material was obtained (See section 3
references).

F. The cumulative information was reviewed,

combined, and condensed for harbor studies.

Organization

The Handbook contains two sections for each
harbor. The first section summarizes harbor conditions
and is intended for use as a quick reference by ship
captains, navigators, inport/at sea 0O0OC's, and other
interested personnel. This sectiori contains:

A. a brief narrative summary of environmental

hazards,

B. a table display of vessel location/situation,

potential environmental hazard, effect—-pre-

cautionary/evasion actions, and advance
indicators of potential environmental
hazards,

C. 1local wind wave conditions, and
D. tables depicting the wave conditions result-
ing from propagation of deep water swell into
the harbor.
The swell propagation information includes percent
occurrence, average duration, and the period of maximum
wave energy within height ranges of greater than 3.3 feet
and greater than 6.6 feet. The details on the generation
of sea and swell information are provided in Appendix A.
The second section contains additional details and
background information on seasonal hazardous conditions.
This section is directed to personnel who have a need for
additional insights on environmental hazards and related
weather events.




1.2.

CONTENTS OF SPECIFIC HARBOR STUDIES

This handbook specifically addresses potential
wind and wave related hazards to ships operating in
various Mediterranean ports utilized by the U.S. Navy.
It does not contain general purpose climatology and/or
comprehensive forecast rules for weather conditions of a

more benign nature.

The contents are intended for use in both pre-
visit planning and in situ problem solving by either
mariners or environmentalists. Potential hazards related
to both weather and waves are addressed. The
oceanographic information includes some rather unique
information relating to deep water swell propagating into

harbor shallow water areas.

Emphasis is placed on the hazards related to
wind, wind waves, and the propagation of deep water swell
into the harbor areas. Various vessel
locations/situations are considered, including moored,
nesting, anchored, arriving/departing, and small boat
operations. The potential problems and suggested pre-
cautionary/evasive actions for various combinations of
environmental threats and vessel location/situation are
pravided. Local indicators of environmental hazards and
possible evasion techniques are summarized for various

scenarios.
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CAUTIONARY NOTE: In September 1985 Hurricane Gloria raked
the Norfolk, VA area while several US Navy ships were
anchored on the muddy bottom of Chesapeake Bay. One
important fact was revealed during this incident: Most
all ships frigate size and larger dragged anchor, some
more than others, in winds of over 50 knots. As winds and
waves increased, ships ‘fell into’ the wave troughs,
BROADSIDE TG THE WIND and become difficult or impossible
to cor:itrol.

This was a rare instance in which several ships
of recent design were exposed to the same storm and much
effort was put into the documentation of lessons learned.
Chief among these was the suggestion to evade atl sea
rather than remain anchored at port whenever winds of

such intensity were forecast.
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2. CAPTAIN’'S SUMMARY

The Port of Catania is located on the east

coast

aof the JItalian island of Sicily (Figure 2—-1) about 225

n mi south-southeast of Naples.
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The Fort of Catania 1is positioned at the

northwest corner of the Gulf of Catania about 55 n mi
south-southwest of the Strait of Messina. Mt. Etna, an
active volcano, is about 16 n mi toc the north-northwest

of the port (Figure 2-2).

ITALY
Strait of
= 38°N M, a \‘———-‘\‘
\
r-4
Mt&ﬁma
CATANIA
SICILY SULF
OF
CATANIA IONIAN
SEA
AUGUSTA
';
b 37°N )
NAUTICAL MILE SCALE
[ 1‘0 20
|
15°E 1608

Figure 2-2. Gulf of Catania
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The Fort ot Catania 1nner  harbor, aj though

protected +from the direct force of open ocean waves by a
iong breaxwater and « mole, experliences some wave motion
from waves thnat refract through the entrance (Figure <~
2. The harbor is exposed and vulnerable to wind. The
port area aisco experiences 1nfrequent ash falls from Mt.
Etna.

The 1nner harbor is bordered on the west and
noctn bty the city of Catania, the second largest city on
Lhe 1siand. The eastern boundary 1s protected by a
breakwater, Moio di Levante, which is approximateiy 5,741
+t (1,750 m) long. The western half of the southern
boundary of the inner harbor 1s formed by a maole, Molao di
Mezzogiorno, which extends about 1,312 ft (400 m)
eastward from the shoreline. The entrance tc the port is
approximately BO4 ft (245 m) wide, and lies between the
east end af the mole and the breakwater. The inner
harbor can accommodate ships with orafts not exceeding 30
ft. The anchorage ftar vessels with drafts over 30 ft is
iocated east af the breakwater. Anchorage positions
reiative to a green light located at the south end of the
breakwater range from 272° 1,640 £t (500 m) to 248°
6,077+t (1,840 m). BGood holding gualities exist at the
anchiorage 1n  a mud bottom. The inner harbor has a mud

and sand bottom.
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Currents are generally weak and wind driven, but
strong currents have been reported at the harbor
entrance. A north-northeast current of about 2 kt will
occur  at  the anchorage when the wind blows scuthward
through the Strait of Messina. The tidal range 1is
slight, about 1 ft, but a storm surge caused by easterly
winds can flood i1nland.

Specific hazardous environmental conditions,
vessel situations, and suggested precautionary/evasion
action scenarios are summarized in  JTable 2-1. Hazards

far both 1nner harpor and outer harbor are addressed.
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TABLE Z-1,

Summary of hazardous environmental condat

-
|
i HAZARDOUS CONDITION INDICATORS OF FOTENTIAL HAZARD
. i ; , ] 8 or fAdvance warmng.
: 2%%;%%%%—%£9§iﬁgg5§%¥%,e E:giegtbysgzgptxo ° t MNay occur anytime Mt. Etna erupts or emits an ach
' ) pluse and prevailing winds are éros the N,
Advance warning
2. Strang wind/high sea froe SE guadrant - May e * Transient low pressure systee south of Sicily.
called Gregale, Levante, or Scirocto. ¢ Building high pressure over Europe with
t Most likely 1n late autumn, winter, and early developaent of low over North Africa or lonian Sea,
spring. Uncosmon 1n summer. ¢ Scirocce event aay he preceded by burlding cueulus
+ Lan be accospanied by thunderstorss in late tlouds resaining gver ¥t Stad when alr Tow 1e
autusn ar eariy winter. fros SE,
+ [an generate seas to o & 120 ft) at anchorége.
* Some wave energy will refract into Duration
ipner harbor, Worst conditions accur T ¥ Transient low pressure 5{sten south of Sic1ly can
when wind and sweil are both trom SE, cause minds to last for 1-2 days,
resulting in choppy harbor conditions, + Buiiding high over Europe with ow cver Nertn
worst on west side. Africa or lonian Sea car produce winds [asting &
# M. Etna eay deflect SE winds, resulting 10 NE zays.
winds at harbor under SE flow situation.  3curotce events can last 2 weeks,

[

High swell fros the east - Benerated by *Etesian’

winds over Regean/eastern Mediterranesn Seas.

+ Summer event, most coeeon in August.

¢+ Waves 0 8-12 ft {2,5-3.5 a) may break over top
9% Moip & Levante,

# Causes ! §/2 #t (1/2 w) long-period swel to
refract into inner harbor. Worst on west
s:de.

Agvance warnin
¥ Twell wil! reach Catania 4-E hours after wiac
begiss to blow over kegean Sea.

bu “tion
“Swell will persist as long as Etesian winge are
ylowing.
¢ Swell wiil decrease adout 1Z-74 hours atter wincs
diminish,

y
v
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al conditions for the Port of

Catania, Italy.

RZARD

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

5 an ash

b

411 locationsssituations.

(a)

)

Fine, gritty particles cf ash can damage delicate eguipment and equipsent
with close tolerances.
¢ Protect all equipsent froe contact with ash particles.
+ Change/clean air filters often on gasoline/d;esel
engines which sust remain operating.

Ash say pose health hazard,
¥ Winteize personnel exposure on weather decks to avoid ash inhalation.
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14)

Meared-inner_harbor.

Anchorea-outer narbor.

Arrivingsdeparting harbor.

5sal] boat operations,

(a)

(a}

Wind may force ship off mooring,

+ HMooring Tines snouid be doubled.

t Tug assistance May be necessary in strong event.

+ 1f nested, vessels miy shift, depending on wind direction.

Vessels may have to depart ancherage.

& Targe waves may cause pitching al anchor.

+  Anchor dragqing 15 possible,

£ To minimize efrect of seas gfoceed N through Strait of Messina to
ancnora?es near Messing, aé alermo or Gulf of Castellasmare on N
coast ot Sicily

€ SEeanan close to ¥ coast of [talian Peninsula w1l avoid worst effects
of sea.

Strong event eay adversely impact ship maneuvering characteristics.
+ Rdjust arrival/departure to avold high winds.

Currents may be strengthened by wind,
¢ Be alert ¥or enhanced currents.

Boating eay be restricted/cancelled.

i4)

Mogred-inner harbor,

Anchored-outer harbor,

Arriving/departing haroor,

Seall boat operations.

(a)

fa}

{a)

Littlie impact on moored vessels,

¢ 3Swell refracted into harbor 15 not considered dangerous, but amsorings
shouid be closelv aonitored,

+ Vessels moored alorg Molo di Levante may experience spray from swell
breaking over the top of the breakwater,

Vesseis may have to depart anchorage.

*+ Large swell waves may cause sigriticant extch:ng at anchor.

* Anchor dragging may result ¢ros swell motion.

¢ To avoid swell, proceed N through Strait of Messina tec anchorages near
Messina, at Paferlo, or in Gulf of Castellaemare on N coast of Sicily

Arrival/departure say need to be delayed.

¢ TF geing to enchor, delay arrival until after swell subsides. ,

+ If going into inner harbor, turning N to agprnach entrarce will bring
suefl bread on starboard beas and expose ship to excessive rolling.

+ [Departing vessels will encounter swell broad on port beas as soon as
protection of breakwater is passed.

Boating may be restricted/cancelled.

T
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TABLE 2-1. (Con’

HAZARDOUS CONDPITION

INDICATORS OF POTENTIAL HAZAKD

Thunderstoras,

¥ Yav be caused by transient low pressure system
south of Sicaly in late autumn/early winter,

¢ May occur with/after frontal passages in
sinter/early spring. )

# Vioiert stoZnspmayqforl over Mt. Etna in late
winterfearly spring and say move over the
Fort of Catania,

Advance warning
+ Fain forecast 1n autumn or early winter gue ¢ jow
pressure system south of Sicily.

¢ Strong trontai passage during autusn. winter, o
spring.

buration

+ an last for 24 hours when associated with transient
low south of Si1c1lv 1n late autuan or eariy winter,

maximum veiocities 1n mid-afternoon.

* Most roemon 1n summer, but aay
occur on ware days i1n other seasons,

+ Commonlv iasts from 1030L - 1800L,

¢ MNoemai esxieve velocities are -0 kt, but
strong event can exceed 27 kt.

Sea _greeze - Jiurnal easterly wing reaching

Advance warain
+ Reulinelv observed in sumeer, and or wars
spring and eariv autuen gave,

.ate

vurat

ion
+ Typicallv observed between 1030L and I5oee.

¢, Tropicai cyclones - Althougn uncoamon, tropical Advance warnin
cyclones have been nbserveg in the He&xterganean + Hig :_fgln clouds 1n cyclonmically spiralling tards,
basin, gradually thickening.
¢ Most likely 1n [ate susmer/autusn but may ¢ Llong period swell from southern semicircie with 1
gicur in any season. other reasonable explanation,
¢ Store track 1s difficult to forecast
accurately. Mariners must give wide berth to
forecast {rack.
I

ftaospheric turbulence - Creates a probles tor
heTicopters operating in the Catania area,
¢ (ccurs during summer 1n assoclation with west-

southwesterlv winds which cancel sea breeze
mechanisa,

Advance warning )
¢ Low pressure trough over western Mediterranean Sea,
t May be preceded bv stratus clouds along the south

toast of Sicilv,
Duration

¥ Will last as long as west-southwesteriv winos
persist at (atania,




u&1. (Continued)
{
VESSEL LOCATION/
Y ZARD SITUATION AFFE~TED EFFECT - PRECAUTIONARY/EVASIVE ACTIONS
(1) Mgorea-inner harbor. fa: Possible strong winds/squalls/lightning strikes/waterspouts.
T # HWooring lines should be monitored ciosely. i
+ Secure loose gear.
+ Mimimize personnel exposure on weather decks.
{2) Anchoreg-outer harbor. (a) Possible strong winds/squalls/lightniag strikes/waterspouts.
+ Fersonne] should be alert for anchor dragging. -
% Secure loose gear.
¢ Minisize personnel exposure on weather decks.
{31 Arrivingsdeparting harbor. fai Pogsible strong winds/squails/lightning strikes/waterspouts.
- & Ship saneuvering may be affected.
+ Visibility may be restricted.
% Secure loose gear,
+ Minimize personnel exposure on weather decks.
i4) Small boat operitions. (ai Small boat operation should be restricted.
# Wind gusts/squalls may hazard seall boat and occupants.
+ Lightming strikes are possible.
(1) Moared-tnner harbor. {a) No significant problems,
(2) #Anchored-outer harbor. {a) No significant probiess.
I # Boating to/from anchorage say be restricted or curtailed in a strong
‘ event,
) - (3) Arriving/departing harbor, ta) Vessel cantrol may be affected at siow SOA,
i4; 5eall boat operations. 1a) Gmall boating say be restricted/curtailed 1n a strong event
! ¥ 77 kt is culof¥ for small craft operation to/from the anchorage.
j‘ﬂ b {1y Moored-inner harbor. {a) Vessels should put to sea and evade stora.
) ing Bands, i2) @nchored-outer harbor. (ai Vessels should put to sea and evade stors.
h no
e mth no 13) Arriving/departing harbor. (a1 Vessels should put to sea and evade stora,
! é ¥ Tt at sea, stay at sea and evade stors.
¢ 1 departing harbor, plan to leave early o avoid the etfects of the
3 stora.
] t4) Small boat operations. ta) Cancel seall boat operations
! ¥ Hoist small craft oul of water and secure on deck or, 1f on shore, well
above high tide line.
—
(1) Helicopter pperations. 13y Operate helicopters wmith caution . _
" Yanean Sea. & Uelay all unnecessary f1ights untii winds subside. [
Fhe south ¢ Exercise extrese cau{ion when operating in the |
L vicinity of Mt. Etna. \
{L:l"GS 1
—
1
' e
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Table 2-2 provides the height ratioc and direction

of shallow water waves to expect at points § and 2

(Figure 2-3) when_ the deep water wave conditions are

known.

The Catania Point 2 conditions are found by
entering Table 2-2 with the forecast or known deep water
wave direction and period. The height is determined by
multiplying the deep water height (8 ft) by the ratio of
shallow to deep height (.8).

Example: Use of Table 2-2 for Catania Point 2
(Carrier Anchorage).

Deep water wave forecast as provided by a
forecast center or a reported/observed deep
water wave condition:

8 feet, 12 seconds, from 120°.

The expected wave condition at Catania Point 2,
as determined from Table 2-2:

7 feet, 12 seconds, from 1135°,

.- e e me e BE eh R e e e e am e =
m wm re @ wm m= m- = E- A ma A A= =-- e

NOTE: Wave periods are a conservative property
and remain constant when waves move from deep to shallow

water, but speed, height, and steepness change.

2-11
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Table 2-2. Shallow water wave directions and relative height
conditions versus deep water period and direction (see Figure
2-3 for location of the points).

Shallaow Water Direction
Wave Height Ratio: (Shallow Water/Deep Water)

FORMAT =

(Inner Harbor Entrance):
b 8 10
Shallow Water
Direction and Height Ratio

CATANIA POINT 1
_Period (sec)
Deep Water
Directian

12 14 16

| Q30° ! 060G° Q70° 080° 090° 105° 100°
' ! -4 .4 .4 .4 .3 .4
; 060° ' Q70" 075° 085° 090° 110° 115°
; ! .5 .S .6 .6 .9 .S '
' 090° : 090" 100° 110°  110° 120° 125° |
! H .8 .9 -9 .8 -7 .7
! 120° : 130° 130° 120° 130° 110° 120° |
‘} : ! = .5 -5 .7 .3 .4 ;
; ) ; :
t ; 150° i 155° 155° 120°  110° 115° 110°
; i S .5 9 .6 .3 .4 ;
; 180° : 140° 145° 140° 13%° 135° 140°
: i 2 3 -3 .3 .4 S
1 CATANIA FOINT 2 (Carrier Anchorage): __ B _
i Feriod (sec) R A - 8 10 12 i4 16
i Deep Water : Shallow Water ;
i__Direction ' Direction and Height Ratig :
q ; 030" i 035° 030° 035° 0Q40° 045° 0350°
R ' : .2 .4 -4 . 3 S -6 :
] 060° : Q60° 060° 060° Q65° Q6S° 0&5° |
J ; .9 .9 -8 .8 .B .8 '
' 0%0° ' 0%0° 0%0° 0%0° 0%0° (@90° 08%° |
H ; .9 .9 .8 .8 .8 .8 ‘
i 120° : 120° 120° 120° 115° 110° 110° |
. H .9 .2 .8 .8 .8 .8 !
4 ; 150° : 150° 150° 145° 135° 130° 130° !
i : .8 .8 .7 .6 .6 .6 ,
\ 180° d 175° 160° 155° 150° 145° 145° |
; : ] -3 3 .S -4 -5 :
2-12
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The local wind generated

identified

—~

anchorage area as point 2

~

given in Table 2-3.

All heights refer to the signi

wave height (average of the highest 1/3 waves).

the 1local

tain the minimum duration in hours required *+o

the 1indicated fetch limited sea height and period
time
flat

height,

ocean. When starting from a pre—-existing

2. wind
-

<

Tabie 2-3. Guif of Catania near point Local w
for fetch 1limited conditions related to point

JONSWAF madel) .

(feet) /period (seconds)
to reach fetch limited height

Farmat:

height
time (hours)

wave conditions for

(Figure 2-3)

ficant
Enter
wind speed and direction in this table to ob-
develop
The

to reach fetch limited height is based on an 1nitial
wave

the time to fetch limited height will be shorter.

aves

(based on

Local Wind

Direction

and\ Speed (kt)
Fetch A

Length N\ 18 _ = 24 _ 0. 36 8
P (n mi) B R S L : o
+ N : 2 ft . <2 ft ! 2/3 ' 2/3 v 2-3/F :
e T SO S S SRR U AU SN SN SO
. INE L 4-5/3 . 56 v T8/ : 97 : 13/,7-8 .
C 4% o omy S 4--% ; 4 ; 4 4
2 et Ry I-4/,4 . 4/74-% S/5 . 6/S .
S S 1 S 2 ==z ; : : 2 T

Exanple: . S

To the south (180°) there 1s about a 13 .

n m1 tfetch (Figure 2Z-2). GBGiven a south wind at .

Z4 ¥t, the sea will have reached -4 feet with a .

-
S

period of 4 seconds within 2Z2-3 hours. Wind waves
will not grow beyond this condition unles the

wind speed 1ncreases or the direction changes to

i one over a longer fetch length. 14 the winag .

: waves are superimposed on deep water swell, the |

: combined height may change 1i1n response to

¢ changing swelil cronditiogns. winta wave directions |

i are assumed to be the same as the wind

: direction. !
2-13
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Combined Wave heights are obtained by finding the

square root of the sum of the squares of the swell and

wind wave heights.

Example: Swell 10 ft, wind wave T ft.

{10? + 57 =\/1oo + 25 =1 125 a11.2 ft

Note: Increase over larger height is small. I¥f

both heights were equal, caombined height would increase
by a factor of 1.4. 1¥ one 1s hal+ of the cther, as 1n

the example, increase over the larger of the two is by a

factor of 1.12.

Climatological factors of shallow water waves, as

described by percent occurrence, average duration, and
period of maximum enerqgy {(period at which the most energy
is foctused for a given height), are given in Table 2-4.
See Appendix A for discussion of wave spectrum and energy
distrabution. These data are provided by season for two
ranges of heights: greater than 3.3 feet and greater than
6.6 feet.

Two anchorage areas have been selected for
Catania (Figure 2-3). FPoint 1 is near the inner harbor
entrance. Point 2 is for the outer harbor anchorage area

for vessels with drafts over 30 ft.
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Table Z-4. Shallow water climatoclogy as determined frem deep
water wave propagation. Percent occurrence, average duration
or persistence, and wave period of maximum energy for wave

height ranges of greater than 3.3 feet and greater than 4.6
teet by climatological seacson.

CATANIA POINT 1: L__WINTER | SPRING | SUMMER : AUTUMN
VYR feet. P NCQV-APR | MAY | JUN-SEF) acT
; Occurrence (%) ; 26 : 22 ; & ; 18 '
é Average Duration (hrs); 15 ; 15 ; 11 H 1X ;
; Period Max Energyfsec); ? ; ? ; 9 ; 8 f
T feet  NOV-AFR ! MAY -Jgrg—ssp; _'TJCT_E
; Occurrence (%) ; 7 ; 6 ; 1 ; S ;
; Average Duration (hrs); 13 ; 15 ; 12 ; 9 ;
; Period Max Energy(sec); 10 ; 12 ; 10 ; 9 ;
CATANIA FOINT 2i i WINTER i SFRING | SUMMER_ . AUTURN
b 3.3 feet P _NOV-APR 1 MAY i JUN-SEF: = GCT
; Occurrence (7 ; 25 ; 23 ; é } 14 ;
; Average Duration (hrs)g 12 E 18 ; g ; 1z é
i Feriad Max Energy(sec); 10 ; 10 ; 9 ; 8 ;
| 56.6 fest ___ \ NOV-AFR i __MAY ' JUN-SEF: _ OCT
; Occurrence (%) ; 10 ; 7 ; 1 ; 4 ;
; Average Duration (hrs)E 14 } 11 } 13 2 10 ;
; Period Max Energy(sec); 12 ; 12 ; 11 E 10 ;

2-135
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SEASONAL SUMMARY OF HAZARDOUS WEAITHER CONDIT:ONS

WINTER
*

SPRING
*
*

*

SUMMER
»

AUTUMN
»

NOTE:

(November thru February):

Persistent strong winds from east thru south 20-
25 kt causes swell in harbaor.

Northeasterly (Gregale) winds funnel through
Strait of Messina and generate high «aves at
anchorage.

Scirocco (southeasterly) can last «ew days to two
weeks.

Thunderstorms accompany cold front passage aor lows
passing to south and may last 24 hours witn heavy

rain.

(March thru May):

Early spring conditions are similar to winter.
Gregale and Scirocco are rare by season’s end.
Early morning fog/haze may reduce visibility to

near 1 n mi.

(June thru September):

Occasionally, daily sea breeze may reach 23 kt and
disrupt afternoon operations.

West-southwesterly winds 20-25 kt cancel sea
breeze and bring hot temns. reduced visibility due
to dust and cause turbulence praobiems for

helicopter operations.
(October):
Short transition season with winter—-like weather

returning by month’'s end.

For more detailed information on hazardcus weather

conditions see previous Summary Table in this -ection and

Hazardous Weather Summary in Sz2-* on 3.
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GENERAL INFORMATION

This section expands on the material i1in the

Captain’'s Summary. Figures and Tables are repeated with

a continuation of numbering. Paragraph 3.5 provides a

hazards and Table -4 proaovides a
summary of hazards and actions by season.

general discussion of

Z.1 Geographic_iocation
Catania i1s located on the east coast of the
Itaiian 1sland of Sicily (Figure 3-1) about 225 n m
south-sgutheast ot Naples.
A Tk (3 i3 6 3
Yy /7
janccop corsica e,
S%4,, SOLENZARA e
! OIG Ky
[ ] OMQ - Q]
Opr LA MADDALENA
PONZA 9"'&\? NNLLES
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Figure 3-1. Ports of Italy, Sicily, and Sardinia.
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The Port of Catania is positioned at the

northwest corner of the Gulf of Catania about 35 n mi
south-southwest of the Strait of Messina. Mt. Etna, an
active volcano, is about 16 n mi to the north-northwest

of the port (Figure 3-2).

//\w

ITALY

Strait of

haaoN Mess’na \—A‘
N
rd
MtKEtna
CATANIA
SICILY SULF
OF
CATANIA IONIAN

SEA

- 37°N

NAUTICAL MILE SCALE
1 1P 20

15°E ‘SJ"E

Figure 3-2. Gulf of Catania
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The Fort ot Catania inner harbor is large and

capable of accommodating ships with ma.imum drafts of
about I0 ft (9.1 m) (U.S. Navy, 1983). Its facilities
are situated within an artificial harbor formed by a long
breakwater, Molc di tLevante and a mole, Maolo di
Mezzogiorno (see Figure 3-3). Mount Etna, a 10,902 +t
(3,327 m) active volcano located about 16 n mi north-
northwest of the port, dominates the landscape. Other
prominent landmarks include many domes on buildings in
the city of Catania, a red brick chimney over 300 ft high
which 15 surmounted by four red aircraft warning lights
and located about 400 yds north-northwest of the origin

of Molo di Mezzogiornoy, and several grain elevator towers

east of the chimney.

37°30'N 4
GULF OF CATANIA

\\ NAUTICAL MILE SCALE
\ 0 . 08 1.0
—_—

N
.
.

.
15°BE *

Figure 3-3. Port of Catania
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Qualitative Evaluation of the Port of Catania

The FPort of Catania, while well protected from
the effects of sea/swell action fraom southwest through
northeast, 1s adversely affected as a protective harbor
when strong winds and tresultant waves are from east
through south. Although protected by a long breakwater,
the entrance to the harbor allows refracted swell from
east through south to enter the 1i1nner harbor. i+ a
southeasterly wind and southeasterly swell coincide at
Catania, choppy conditions result 1n the harbor.

Fersistent easterly flow of 20-25 kt or maore will
cause 6-7 ft (2 m) and occasignal 12 ft (3.5 m) swell to
break over the top of Moloc di Levante. Refraction allows
easterly swell to enter the inner harbor, with the most
pronounced effects occurring on the western side.
Easterly winds 25-35 kt will produce a long period swell
1 1/2 ft (1/2 m) high in the i1nner harbor.

Large vessels (CV's, ocilers, etc.) anchor outside
the breakwater and are exposed to the brunt of all
weather emanating from the eastern semicircle. The
aircraft carrier anchorage is located 068° 1,840 m from a
green 1light at the south end of Molo di Levante. Good
holding qualities exist at the anchorage in a mud bottom.
The 1nner harbor has a mud and sand bottom. The Fort of

Catania is subject to ash falls produced by Mt. Etna.

Currents and Tides

Currents are generally weak and wind driven, but
strong currents have been reported at the harbor
entrance. A north-northeast current of about 2 kt will
occur at the anchorage when the wind blows southward
through the Strait of Messina.

The tidal range 1s slight, about 1 ft, but a
staorm surge caused by strong easterly winds can <flood

inland.
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Visibility

Fog 1is not a problem at Catania, but haze and
smoke from industrial poellution can reduce summertime
visibility to about 1 mi; with the poorest visibility
normally occurring between 0600 and 0800 local time.

The most restricted visibility -- as low as 1/2
M1 - occurs during summer under southerly flow
conditionsy when air enters Sicily acrass the southeast
tip, becoming west-southwesterly at Catania. The result
is poor visibility, hot temperatures, and a ‘'yellow-
white" sky.

Visibilities are sometimes reduced to 1/2 mi 1n
late winter/early spring in precipitation associated with

thunder starmse which form over Mt. Etna.

Hazardous Conditions

Al though protected from saome wind/wave
conditions, the Fort of Catamia 1s vulnerable to others.
A seasonal breakdown of the various known environmental
harards that may be encountered in the Fort of Catania
ftollows.

A. Winter (Novemoer through February)

Fersistent strong winds from east through south
of 20 toc 25 kt or more can cause significant problems at
the Fort of Catania. Although the eastern side of the
~nner harbor i1s proltected by a long brearwater, the
configuration of the barbor entrance allows refracteg
swell o enter. Southeasteriy winds can produce
consider able swell 10 the 1nner harbor, which 18
especially bad on the west side. The swell 1s bothersome
but not  dangerous. The accompanying winds can be
danger ous, however.

Prolonged easterly <flow wi1ll cause &6-12 ¢t (22—
5.9 @ or greater swell to break over the top of Moloc di
Levante, a frequent moorage for ships. Easterly swell
can also refract through the harbor entrance, causing a 1

172 4% (1/2 m) long-period swell 1n  the inner harbor,

-
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Swell generated by an easterly wind will normally
diminish 24 hours after the wind stops.

Large vessels such as aircraft carriers and
cilers remain outside the inner harbor, requiring about a
30 minute small boat ride into the harbor from the
anchaorage.

Winds from the southeast quadrant, the most ad-
verse direction at Catania, are principally caused by the
"Gregale." A Gregale results when high pressure lies or
is building over central Europe or the Balkans, and a low
pressure system 1s either over the Ionian Sea, North
Africa near Libya/Tunisia, or transiting eastward south
of Sicily. A transiting low may produce Gregale winds
for a day or two, but winds from a low aver the Ionian
Sea or Libya/Tunisia may last for up to S days. When
Gregale winds are from the northeast, they may be rein-
forced when passing through the Strait of Messina. The
result is high waves which break over Molo di Levante.
The Gregale is most dangerous for ships at anchor.

A winter "Scirocco" will also produce strong east
to southeasterly wind and seas at Catania. A Scirocco is
caused by a well developed low pressure system over Narth
Africa which brings hot, muggy weather to the region. A
Sciraocco event usually lasts for no longer than 2 weeks,
but one event on record lasted one month.

The blocking effect of Mt. Etna sometimes brings
northeasterly winds to Catania in an otherwise south-
easterly situation. When occurring, the northeast wind
will tend to dampen southeasterly swell. Also, when
northeasterly winds are blaowing through the Strait of
Messina, calm winds are frequently experienced 1in the
harbor at Catania. Mt. Etna blocks winds from northwest
clockwise through north. A steep gradient resulting 1in
general northwest or north flow will produce an offshore
wind at Catania but poses no problem for harbor opera-—
tions except for bringing ash falls from Mt. Etna over
the Fort. There are no strong wind effects at Catania

faor winds from southwest clockwise through northwest.

lel
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Heavy rain with low cloud ceilings can coccur at
Catania when a low pressure system passes south of
Sicily. Thunderstorms, commonly associated with law
passages 1n early winter when S5T's are still warm but
air temperatures may be cool, may be constant for 24
hours. Thunderstorms may also occur with passing frontal
systems.

Mt. Etna sometimes creates its own thunderstorms.
The thunderstorms form on the lee side of the mountain,
but steering fiow sometimes carries them south over
Catania. The phenomena 1s most viocient in late winter
and early spring, sometimes reducing visibility to 1/2 m1
in rain., Thunderstorms can also form due to lifting
caused by heat release from the volcano. Anchorage
pasitians at the Fort may experience hail and wind with
gusts to 30 kt. MWaterspouts are an associated phenomena.

Snow 1is uncommon, having occurred only once
during a recent 10 year periad.

Fog is not a problem at Catania. Wintertime
visibilities are generally good.

R. Spring _(March  through May).

Early spring environmental conditions are similar
to those of winter. Winds and seas generated by Gregale
and Scirocco events continue with decreasing frequency as
the season progresses, and are rare by the end of spring.

Thunderstorms formed over Mt. Etna occur during
the early part of the seascn, bring reduced visibilities
in rain, as well as gusty winds (to 50 kt) and possible
hail and waterspouts. Thunderstorm frequency diminishes
thraoughout the seasan.

Sea breezes begin to appear on warm days by late
spring. Normally starting about 1030L, they reach a
normal maximum strength of about 15 kt by 1500L, and die
down about 1800L. A strong event will cause boating to
be cancelled at the anchorage sincz2 27 kt is the cut off

far small boats to enter the inner harbor

(,I«!
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Springtime visibility 1is generally good at the
start of the season, but early morning haze and smog may
reduce visibility to near 1 mi.

C. Summer {June through September.

The summer season in eastern Sicily has the least
hazardous weather of the year. The extratropical storm
track has moved narthward s@ strong, migrating
extratropical storms pose little threat to Catania.

Afterncon sea breezes are daily occurrences,
Usually commencing about 1030L, the wind force increases
to a maximum of about 15 kt by 1500L, and diminishes
about 1800L. A strong event will cause boating to be
cancelled at the anchorage since 27 kt is the cut-off for
small boats to enter the inner harbor. A high pressure
cell aloft can oppose the return flow of the sea breeze
mechanism. The sea breeze usually dominates but
velocities will be weaker than normal.

when winds are from the south over the southeast
coast of Sicily, the air flows through mountain passes
before reaching Catania. The air heats adiabatically as
1t descends the mountain slopes, and reaches Catania as
west-southwesterly 20-23 kt. The winds create a turbu-
lence problem for helicopters operating in the area.
This event will cancel the sea breeze and bring very hot
temperatures to the Port. Due to the dust carried from
North Africa, the sky turns yellow-white and visibility
may be reduced to 1/2 mi under nearly cloudless skies.
Flies and other insects abound during these weather
events.

Haze and smog, advected over the Fort by an early
morning land breeze, commonly reduces early morning
(0600-0800L is the worst period) visibility to about
1 mi, but small baoats operate effectively and seem to
have no difficulty locating ships at anchor. The land
breeze creates no appreciable wind or sea effect at
Catania.

The prevailing northerly winds over the eastern

Mediterranean and Aegean Seas (basically a monsoonal flow

3-8
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associated with a deep low pressure area which forms over
northwest India) is called the "Etesian." 0Once
established, it can generate 8-12 ft (2.5-3.5 m) westerly
moving swell which will reach the east coast of Sicily in
4-8 hours. The maximum occurrence of Etesian winds and
resultant swell 1s in August. While some of the swell
may break over the top of Molo di Levante and/or refract
inta the inner harbor at Catania, most of the eftfect of
the swell is experienced at the anchorage outside the
breakwater.

D. Autumn (October).

As is the case over much of the Mediterranean
region, the autumn season is short, spanning about one
month ——- October. The daily occurrence of the sea breeze
1s interrupted as temperatures begin to moderate.
Extratropical systems begin to transit Europe as the
storm track moves southward 1n advance of the winter
season.

The threat of strong winds from the eastern
quadrant caused by a GBregale or Scirocco, as discussed in
section A above, increases as the autumn season
progresses.

Heavy rain with low cloud ceilings can occur at
Catania when a low pressure system passes south of
Sicily. Thunderstorms, commonly assccilated with the low
passages in late autumn when S8T's are still warm but air
temperatures may be cool, may be constant fcr 24 hourz.
Thunderstorms may also occur with passing frontal
systems.

E. Tropical Storms

Storms having tropical cyclone characteristics
with fully developed eyes have been observed on at least
three accastons i1n  fthe Mediterranean basin: Z23-26
September 196%, 22-28 Januwary 1982, and 2Z26-30 September
198%. On the latter occasion the storm moved northwest
from the Gulf¥ of Gabes (on the southeast corner of
Tunisia), through the Straits of Sicily, along the east
coast of Sardinmia, and i1nto the Gulf of Genoa. Winds of

100 kt were observed near the eye whiie Cagliar:,

-9
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Sardinia reported sustained winds of &0 kt. The
potential for a storm of this type to strike Catania 1s
real and the meteoraologist must be aware of the

possibility.

Harbor Protection

The Fort of Catania offers little protection fram
wind but the inner harbor, as detailed below, offers

marginal protection from significant wave action.

Wind and weather

The Port of Catania is exposed to the full force
of wind from northeast clockwise through south. The
terrain of Sicily lying to the south through west offers
only limited protection, but Mt. Etna effectively blocks
winds <from northwest through north. The blocking effect
of Mt. Etna frequently deflects a southeasterly wind and
turns 1t to northeasterly at Catania. A strong northwest
aor north flow over the region will produce an offshore
flow at Catania but pocses no praoblem {for harbor opera-
tions. There are no strong wind effects at Catania for

winds southwest clockwise through northwest.

Waves

The Harbor of Catania is protected from
significant open-ocean wave action from south-southwest
through northeast by the shape and orientation of Sicily
and the Italian peninsula. Fetch length 1s near zero
from south-southwest through north, and is 1limited to
only 45 n mi to the northeast. Fortions of the harbor
are vulnerable to waves from east-northeast clockwise
through saouth, however.

The anchorage is exposed to the effects of waves
from east—northeast claockwise through south, making it
advisable to depart the anchorage if high seas are

forecast. The 1inner harbor is better protected, with a

A
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long breakwater oriented north-south along 1ts eastern
side, and a mole protecting part of its southern side --
see sectiaomn Z.1. The entrance to the harbor is open to
the south, making 1t possible for southeasterly (the
worst direction) seafswell to refract into the inner
harbor. Easterly swell can also refract intoc the harbor
entrance, with somewhat reduced effect in the harbor.
Easterly winds of 25-35 kt will produce a 1 1/2 ft
(1/2 m) long—-period swell in the inner harbaor. The swell
is not considered dangerous, but the winds are.

Fersistent easterly flow of 20-25 kt or more will
cause 6-7 ft (2 m) and occasional 12 ft (3.5 m) swell to
break over the top of Molo di Levante, the eastern
protective breakwater where vessels are frequently
moored.

Table 3ZI-1 provides the shallow water wave
conditions at the two designated points when deep water

swell enters the harbor.

For a deep water wave condition of:

8 feet, 12 seconds, fram 130°

The approximate shallow water wave conditions
are:

et, 12 seconds, from 110°
et, 12 seconds, from 135°

T
0
T
5
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—
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Table 3-1. Shallow water wave directions and relative
conditions versus deep waxier period and direction

RN

FORMAT:

CATANIA FOINT 1

% for location of the points).

Shallow Water Direction
Wave Height Ratia:

{Inner Harbor Entrance):

height
(see Figure

(Shallow Water/Deep Water)

i Period (sec) i _ (=) 8 10 12 14 16
i Deep Water : Shallow Water H
b Direction i Direction and Height Ratio ]
' 030° ; Q60° 070° Q80° Q90° 103%° 100° |
] ; .4 .4 .4 .4 - .4 i
' 060° ' 070° 075° 085° 0x0°  110°  115° |
' ] .3 .3 .6 .6 3 S ;
' Q20° : 0%0° 100° 110°  110° 120° 1285° |
: i .8 -9 .9 .8 .7 .7 i
; 120° ; 130° 130° 120° 130° 110° 120°
' ' .5 .5 <3 .7 .S .4 i
: 150° ] 155° 195° 120° 110° 115° 110°
i ; .5 .5 .3 .6 .3 .4 :
: 180° ' 140° 145° 140° 135° 135° 140°
3 .2 . -z .3 .4 .5
CATAN1A POINT = (Carrier Anchorage): _ S
1 Period (sec) &6 8B 10 __ 12 14 16
. Deep Water : Shallow Water i
' Direction 1 Direction and Height Ratia I
! 030° ' 035° 03Q° Q35°  040°  Q45° 0SS0
. . .2 .4 .4 .3 .S .6 :
: 060° H 060° 0&60° 060° 065°  065°  063°
: H .7 .2 .2 .8 .8 .8 '
: 0%0° 1 090° 070° 090* Q%0° 0%90° 083° |
i : .9 .9 .8 .8 .8 .8

: 120° : 120° 120° 120° 113° 110° 11G6°
H : .9 .9 .8 .8 .8 .8 H
: 150° ; 150° 150° 145° 135° 130° 130°
: : .8 .8 .7 .6 . .6 i
: 180° : 175° 160° 155° 150° 1435° 145°
N : LS .3 .3 S .4 =) ,
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Situation specific shallow water wave conditions
resulting from deep water wave propagation are given in
Table 3-1 while the seasonal climatology of wave con-
ditions 1n the harbor resulting from the praopagation of
deep water waves into the harbor are given 1n Table 3-2.
If the actual or forecast deep water wave conditions are
known, the expected conditions at the two specified
harbor areas can be determined from Table 2-1. The mean
duration of the condition, based on the shallow water

wave heights, can be obtained from Table 3-2.

Example: Use of Tables I~1 and 3-Z2.

{winter case) ocutside the harbor are:

'
H
) The forecast for wave conditions tomorrow
)
:
1
1)

; 8 feet, 14 seconds, fraom Q&60°

: Foint 1 Foint 2

} height 4 feet & feet

: period 14 seconds 14 seconds

H direction fraom 110° +ram 0&6S° ,
i duration 15 hours 12 hours ;

Interpret -ion of the information from Tables Z-1
and ~-2 provide guidance on the local wave conditions
e:pected tumorraow at  the wvarious harbor points. The
duration  values are mean values for the specified height
range and seaszon. Knowledge of the current synoptic
pattern _and forecast/expected duration should be used
when available.

“ossiple applications to smali  boat operations
are; selection of the mother ships anchorage point and/or
areas of small boat work. The condition duratiaon i1nfor-
mation provides i1nsight as to how long before a change
can  bhe expected. The 1ocal wave direction information
could he of use 1n selecting anchorage contf:guration  and
related SMAl L boat operations, including tending

activities.
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Table 3-2. Shallow water climatology as determined from deep
water wave propagation. Percent occurrence, average duration
or persistence, and wave period of maximum energy far wave
height ranges of greater than 3.3 feet and greater than 6.6
feet by climatological season.

CATANIA POINT 1: i WINTER | SPRING ! SUMMER ! AUTUMN |
H >3.3 feet 5 NOV-APR E MAY E JUN—SEPi acT 5
E Occurrence (% E 26 % 22 E ) % 18 %
; Average Duration (hrs)g 15 ; 15 ; 11 ; 13 ;
; Period Max Energy(sec); 9 ; 9 ; 9 ; 8 ;
; >6.6 feet E NOV-AFR ; MAY ; JUN—SEP; ocT ;
; Occurrence (%) ; 7 ; 6 ; 1 ; ] ;
; Average Duration (hrs); 13 ; 15 ; 12 % 9 ;
; FPeriod Max Energy(sec)é 10 ; 12 ; 10 ; 9 ;
éATANIA POINT 2: ; WINTER ; SPRING ; SUMMER ; AUTUMN ;
! >3.3 feet 1 _NOV-APR | MAY | JUN-SEF! ocTtT ¢
; Occurrence (%) ; 25 ; 23 ; - ; 14 ;
; Average Duration (hrs); 12 ; 18 ; 9 ; 13 ;
; Period Max Energy(sec); 10 ; 10 ; ? E 8 ;
; 6.6 feet g NOV-APR ; MAY ; JUN-SEP; ocT ;
; Occurrence (%) ; 10 ; 7 ; 1 ; 4 ;
; Average Duration (hrs); 14 ; 11 ; 13 ; 10 ;
; Periaod Max Energy(sec); 12 ; 12 ; 11 ; 10 ;
3-14
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Local wind wave conditions are provided in Table
3-3 far Catania point 2. The specified fetch lengths are
specificaily for point 2. The time to reach the fetcn
iimited height assumes an 1initial flat ocean. With a

pre-existing wave height, the times are shorter.

Table T-3. Gulf of Catania near point 2. Local wind waves

for fetch limited conditions related to point 2 (based on
JONSWAF model).

Format: height (feet)/period {(seconds)
time (hours) to reach fetch limited height

Direction lLocal Wind
and\ Speed (kt)

Fetch
_Length \ 18 _ 24 30 36 42
inomi) I i : : ,
v N H 2 Ft H <2 ft H 2/= : 273 v 2=-3/3 :
3N mi i | i 1 ) 1 : 1 |
i NE i 4-5/5 ' &/6 , 7-8/7 : Qs7 J 1¢/7-8
L 45 n mi | 5 4-5 ; 4 : 4 : 4 ;
= v 2-3/74 v 3—-4/4 H 4/4-5 | S/3 ; &/3 H
P13 n omi 2 ; 2-3 : 2 \ 2 ) 2 :

assumption that swell is not a limiting condition).

Forecast for Tomorrow:

Wind Waves
Time (Forecast) (Table 3-3)

prior to 0700 LST light and variable <1 ft

0700 to 1200 NE 8-10 kt < 4 ft
1200 to 1800 NE 22-26 kt building to
6 ft at 6 sec
by 1600

Interpretation: Assuming that the limiting factor is
waves greater than 3 feet, small boat operations would
became marginal by 1300 and restricted before 1400.
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Combined wave heights are computed by finding the
square root of the sum of the squares of the wind wave
and swell heights. For exampie, 1f the wind waves were
3 ft and the sweli 8 +ft the combined height would be
about B.5 +t.

_\/‘3 e =\/9 + o4 =\’/73 xg.5

Note that the increased height is relatively small. Even

1i¥ the two wave types were of equal height the combined
heights are anly 1.4 times the equal height. In cases
where one or the other heights are twice that of the
other, the combined height will only increase over the
larger of the two by 1.12 times (10 ft swell and S £t

wind wave combined results in 11.2 ft height).

Wave data uses and consideratians

Local wind waves build up quite rapidly and also
decrease rapidly when winds subside. The period and
therefore 1length of wind waves is generally short rela-
tive to the period and length of waves propagated into
the harbor (see Appendix A). The shaorter period and
length result in wind waves being characterized by choppy
conditions. When wind waves are superimposed on deep
water waves propagated into shallow water, the waves can
become quite complex and confused. Under such condi-
tions, when mare than one source of waves is influencing
a location, tending or joint operations can be hazardous
even i1if the 1ndividual wave train heights are not
significantly high. Vessels of various lengths may re-
spond 1in different motions to the different wave lengths
present. The information on wave periods, provided in
various tables, should be considered when forecasts are

made for joint operations of various length vessels.
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Moving to new anchorage

When heavy east througb south wind or swell 1s
encountered or forecast (swell often reaching heights of
20 ¥t (&6 m) or more during winter), local mariners say 1t
iz best for ships to leave the anchorages. More
protected ancharages can be found along the north coast
of Sicily near Messina, or at Palermo or in the Gult of

Castellammare.
Sortie/remain in Inner Harbor

If strong winds or high seas from east through
south are forecast, local harbor personnel advise that
small vessels moored in the inner harbor should sta%, but
doubie their moorings. Ships with drafts of 30//ft or
less can enter the 1nner harbor for protectyéﬁ 1¥ the
winds do not exceed 27 kt. Small craft shouyﬂl be well
secured. If a sortie 1s chosen, moving norghaard through
the Strait of Messina to more protected @éters along the
north coast of Sicily or west coast /gf the Italian

peninsula should be considered.
Scheduiing

During summer, when the sea breeze 1s most
common, and early morning visibility 1s warst, ship
arrivals/departures and small boat operations should be
scheduled at times which avoid the worst of each
condition. 0On average, a mid to late morning evolution
would be a reasonable compromise. Similarly, an early
evening arrival or departure would provide light winds

and 1ncreased visibility.
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Local Indicators of Hazardous Weather Conditions

Strong winds and heavy seas from the southeast
quadrant are the greatest threats to the Port of Catania.
While not technically a "hazardous" weather condition,
the uncomfortable conditions caused by soutlherly flaw
during summer can create unpleasant working environment
and poor visibility.

Easterly Wind/Waves — Since strong winds from the

past quadrant are caused by a steep north-south pressure
gradient, one indicator of a patential Gregale event
would be the forecast of a synoptic situation which
includes a building high to the north while a low
pressure center is forecast to remain or intensify over
the Ionian Sea or the North African region of
Libya/Tunisia, or transit eastward south of Sicily. A
persistent strong wind condition caused by a stationary
or slow—-moving situation may last for up to S days.
Winds caused by a transient low pressure system will
normally last for about 1-2 days. Seas will persist for
about 24 hours after the generating winds diminish.
Winds which are southeasterly over the open ocean
frequently become northeast over Catamia due to the
blocking effect of Mt. Etna.

Etesian winds in the eastern Mediterranean or
Aegean Seas can produce B8-12 ft (2.5-3.5 m) westerly
moving swell which will reach the east coast of Sicily 1in
4-8 hours. Maximum occurrence is 1n August.

Strong winds and hot, muggy weather accompanying
a Scirocco are often preceded by cumuliform clouds
forming and remaining over Mt. Etna during southeasterly
flow over eastern Sicily.

Hot Weather/Poor Visibility - When winds are

southerly over the southeast tip of Sicily during summer,
hot, unpleasant weather with poor visibility occurs at
Catania. This event 1is often preceded by a stratus

buildup along the south coast of Sicily.
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- inner harbor
- outer harbor

tate Autumn
Winter
Early Spring

Late Autumn
Early Winter

Late Winter
Early Spring

Late Spring
Suamer
Early Autuan

Winter
Spring
Sunaer
Autuen

Winter
Spring
Summer
Autuan

Summer
Larly Autuan

southeast quadrant - Prisarily a late
autuen, winler, early spring event. Can be
caused by "6regale" or “Scirocco®. May
produce seas to 20 £t (6 #) 1n outer harbor,
with lesser heights refracting into inner
harbor. Southeasterly seds are worst.
Southeasterlv wimi coincident with
southeasteriy sweii resuits tn a choppy
inner harpor. East winds may cause 6-12 ft
{2-3,5 o) seas to break over the top of Nolo
di Levante, and ! 1/2 ft (1/2 a} long-periad
swell to refract into the inner harbor,
Refracted swell is worst for vessels moored
on the west side.

b. Rain/thunderstoras - Late autusn/early
winter depressions passing south of Sicily
frequently cause heavy rain and/or
thunderstorss at Catania that may be
continuous for 24 hours, May also accur
with passing frontal systems. Violent
thunderstores form over Mt. Etna late
winter/early spring and sove gver Catanis
with hail, wind gusts to 30kt and
waterspouts.

t. Sea breeze - An almost daily occurrence
late sernq through early autuan, An
unusually strang event ady reach 27 kt and
cause boating to be cancelled at the
anchorage, and may delay ships entering or
departing the anchorage, Usually begins
about 10301, reaches & normal sarieus of
nggt 15 kt by 1500L, and diminishes about

d. Tropical cyclone - Uncommon in the
Mediferranean, bul when occurring have a
strong chance of developing 1n October. Two
of the three storms recorded since 1949 have

occurred in late September. High winds and
seas possible,

e. dash fall from Mt. Etna - Catania 1s at
risk whenever Mt, Etna erupts or esits an
ash plume,

t. FEasterly swell - "Etesian” winds over the
eastern Nediterranean or Aegean Seas can cause
B~12 ft (2.5-3.5 a) swel] to propagate westwargd
tc the east coast of Slcxlg. Maxisus
occurcence is in August, Swell sav break over
top of Molo di Levante and refract { 1/2 ¢t
1i/2 ) long-period swell in inner harbor,
Worst effect is on west side.

e e " v L - —
TABLE 3-4. Potential problem situaf
r* VESSEL
TiAL HAZARD EFFECT - PRECAUTION
LOCATION/SITUATION POTENTIAL HAZ AU
1. Moored/Anchored. 3. Strong winds/heavy seas fros

a. Remain at sooring, doubling mooring
personnel exposure on weather gecks.

b, Remain at mgoring. Thunderstorss ca
but the mast significant are lightning s
little can be done to avord lightning st
dalage by high wind. Secure iocse gear.
weather decks.

t, Femain at noorxng. Normai strength

narbor oYeratxons. strong event -- ex
ta normal ship operations, Secure loose
weather decks. Boating runc tojérom anc
27 kt. During sumser mimimize afternoon

d. Recause pf the potent:al for destruc
to avpid bexng placed in the <rack of a
to sea and take evasive act:ors at the ¢
pay strike or pass ciose ‘o latania,

e. Cover all delicate equipeent. Secur
Ensure all engines which aust resain ope
Minimize personnel exposure ¢ ash.

¢, Inner Karbor: Remain at mooring.
to qenerate a hotherccae sweil 16 the i
is advised for vescels moorez on the we
Anchorage: 14 forecact sweil is Mg
are advises to jeave the erchorage ant
Sirily or weet of me ltalien Ferinsula
Syziiv near “essina, or at Fa.ereo or t
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ALL SEASONS

CAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL. HAZARD

1n§ sooring lines. Secure loose gear. Minimize

r decks.

Muerstores can pose several problems to mariners,
ligntning strikes and strong gusty winds. Since
i1grtning strikes, vessels are limited to avoiding
lcose gear, Minimize personnel exposure on

al strength sea breezes would have little ispact on
event -- exceeding 20-23 kt -- could pose hazards
Secure loose gear, Minisize personnel erposure on
tosrrom anchura?e will be curtailed 1f winds reach
e afternpon small boat operations,

for destruction, eariners should sake everI effort
trace of a trogxcal cyclone. Vessels should put
ons at the first indication that a tropical cyclone

atatia,
U
3 !
ent. Secure all unnecessary engine operation.
¢ resdin operating have adequate air filtration,
onf © ash.
rly

1CT% mooring.

{f Incoming swell 15 sufficiently high

il 1o the inner harbor, doubling of mooring lines
\2Ckd or the west side.

fEwell is high encugh to cause problems, vessels

~cragze anc seek eore protected waters north of
4.4 feninsuia, or anchorages along the north coast of

—Falermo or the Gulf of Castellammare.

a8, Strong winds fros the southeast quadrant result when a strong or building
hlgn pressure celi over central or eastern turope coinciges with an
intensifying iow pressure system over North Africa or Jonian Sea. This 1s
primarily & late autumn, winter, early spring svnaptic pattern. Frognostic
vhai is should be reviewes mith this scenaric 1. end, Wings associated with a
Scirocco are often preceded by cumulitora clouds torming and staying over Mt,
Etna during southeasterly flow over eastern Sicily.

b. Thunderstore activity can be expected when a transient low precsure systea
soves eastward south or dicily late 1n the season. furing late autuen ang
winter cool air moving over the relatively warmer sea surtace causes

tnstability which <an result 1n sore-or-less continuous thunderstora activit
tar up to ;4 nours. They mavy also occur with gassan trontal systees or 1n Zhe
cold air tollowing the front. During late winter and spring violent
thunderstorms form over Mt. Etna and move over Catania when the steering flow
15 from the northwest,

¢, Tne ses breeze should be expected daily during the ware season except under

the follewing conditions:
{1 hxgh aloft over Sicily can oppose the return branch of the sea
breeze, The sea breeze will usually overcose the resistance but will be

weaker than noraal.

12)  Mhen southerlT tlow across eastern Sicily descends toward Catania as
3 west southwesterly, hot wind, visibility mav be reduced to {/2 i, and
no sea breeze occurs, Stratus buildup along the south coast of Sicily
usually precedes the event,

g, There 1s littie advance indication of the foraation of a tropical cyclone
1n tne Mediterranesn. C(lose monitoring of sateilite images and synoptic
reparts 1s necessary for eariv detection ot 3 developing tropical cyclone, #@n
approachxn? tropical cycione @3y be indicated by noting high, thin clouds in
cyciomcally spiraliing, graduaily thxckenxn? bands, or unexplained lorg-period
sweli approaching troe éne southern semrcircie.

e. Fossible whenever Ht. Etna erupts or emits an ash plume ang prevailing
winds are from the northwest quadrant,

*. Ihe "ttesian’ occurs when 4 deep thermal low torms over northwest india.

1t creates a northerly monsoonal flow whicn crosses the wegean ang eastern
Mediterranean Jeas and generates swell which proga?ates westward to Sicily,
Maximue occurrence :s 1n August, when the thermal low is strongest. (bserving
wind reports in the Aegean and eastern Mediterranean Sea will provide agvance
warning of an Etesian event, [nce generated, the westward aoving sweli reaches
the east coast ot Sicily in 4-8 houre.




TABLE

LOCATION/SITUATION

VESSEL

|

POTENTIAL HAZARD

EFFECT - PRE
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Arrivingsdeparting harbor. ]

Late Autusen
Winter
Eariy Spring

Late Autuymn
Early Winter

Late Winter
garly Spring

Late Spring
Susaer
Early Autumn

Winter
Spring
Susmer
Autuan

Winter
Spring
Summer
Autumn

Sumner
Early Autumn

1
H
|
{
|
i
H
}
{

a. Strong winds/heavy seas rrom

sgutheast quadrant - Primariiy a late
aufuan, winter, early spring event. Can be
caused by *6regale’ or “Scirocco®. May
produce seas to 20 4t i6 &) 1n outer harpar,
with lesser heights refracting into inner
harbor. Southeasterly seas are worst,
Scutheasterly wind councadant wath
southeasteriy swell results 1n a choppy
inner harbor. East winds may cause o-]2 ft
(2-3.5 o) seas to break over the top of Molo
di Levante, and I 1/Z €t (1/2 ) long-period
swell to refract into the inner hardor.
Refracted swell is worst for vessels moored
on the west side.

b. Rain/thunderstorms - Late autumn/early
winter depressions passing south of Sicily
frequently cause heavy rain and/or
thunderstoras at Catania that say be
continuous for 24 hours. Mav also occur
with passing trontal systems. Violent
thunderstoras fora over Mt. Etna late
winter/early spring and sove over Catamia
with ha1l, wind qusts to 50kt and
natersocu{sA

¢. Sea breeze - An alamost daily occurrence
late sgrxng through early autusn., An
unusually strong event may reach 27 kt and
cause boating to be cance(led at the
anchorage, and may delay ships entering or
departing the anchorage. Usually beqins
about i0I0L, reaches a normal maxiaum of
?ggqi 13 kt by {500L, and diminishes about
LV,

g. Tropical cyclaone - Uncommsn tn the
Mediterranean, dut when occurring have a
strong chance of developing 1n Qctober. Two
of the three storas recorded since 1969 have

pccurred 1n late Septesber. High winds and
seas possibie,

e. Ash fall froe Mt. Etna - Catania 1s at
risk whenever Nt. Efna erupts or emits an
ash pluse,

f. Easterl
eastern

swell - "Etesian® winds over the

to the east coast of Sicily. Maximus
occurrence 15 1n August. g

top of Nolo di Levante and refract 1 1/2 §t
{1/2 a} long-period swell 1n inner harbor.

Worst effect is on west side.

egiterranean or Aegean Seas can cause
B-12 ft (2.5-3.5 n) smell to propagate westward |

well may break over

2. Large vessels approachin
seds are OLCUrTing or +oreca
SU v, Or less cou.d procees

are iess than 7 kt; otherad
Vessels scheduled to dupert

winde, Al vessele chouig b
entrance,

b, Continue evol.ticn witn
to mariners, but the mest s
winds and 1n tne Zase ot the
can be done to aveic i1gntal
by high wind. Gecure :acce
decve,

¢. Continue evoiutior wits o
delay until winds sube:sze,
harbor.

d. Because of the pcient:ial
to avoid bexne placed 1~ tne
tc ses and take evacive 3l
Ray strike or pass o)oce %9

e. Cover all deiitste eznp
Ensure aii engines wniz~ rus
Minimize personne) erpocure

¢, Large vessels appreachun
effect of the sweli woujc be
subsides. Sealler vesseis,
1nner harbor where the cpen
and wave sotion wouid be ©im




‘?}1th taution u~iess minds are 27 kt or

" F the track of a trogxcal cyclone,
actions 3t the firs
& to latania,

‘Pauipaent,

BLE 3-4. (Continued)

RECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

oJaching Catania should remain at sea if strong uinds/high

recast for the harbor. Smaller vessels with drafts o
eed t2 the inner harbor 1f the winds at arrival tise
erwisa remain at sea until the winds/seas subside.
art <hould 0o so prior to onset of 27 kt or greater
10 ue aiBr. ol SUUNY Tuffenly wedl e Dardur

1th caution. Thunderstoras can ﬁose several probleas

t significant are lightninq strikes and strong qust{

+ those foreed over Mt. Etna, waterspouts. Since little
htning strikes, vessels are limited to avuiding danage

ose qear. Mimimize personnel exposure on weather

reater,

14 so,
be. Minlalze susmer arizrncon runs to/from 1nner

htiai for destruction, mariners should make everI effort
Vessels should put
indication that a tropical cyclone

A\

Secure all unnecessary engine operation,

"$ must rema:n operating have adequate air filtration.

sure to ash,

ching the anchorage in the outer harbor where the

id be at a maximum are advised to delay until the swell
s, with drafts of 30 ft or less, can Yroceed to the
open ocean swell would be blocked by Molo di Levante,

48 limited to refracted wave energy and local wind waves.

3. otrong Winds trom the southeast guadrant result when a strong or ouilding
nxgn pressure cell over central or eastern Furooe coincides with an
tntensitying low pressure system over North Africa or lonian Sea. This ig

prxaarxlz a late autumn, winter, early spring synoptic pattern. Prognostic

charts should te reviewed with this scenaric 1n mind, Winds associated with a
Sorrozoe amo oitae ool ded by Lanulidors Clouds foraing and staving over M,
Etna during scutheasterly flow aver eastern Sicily,

b, Thunderstors activity can be erpscted when a trancient low pressure system
aoves eastward south of Slcxlz late 1n the season. During late autumn and
winter cool air acving over the relatively warmer sea curtace causes
xnstabxlxtg ¥hich can result 1n more-or-iess continuous thunderstore activity
tor up to 24 ncurs. They eav alsc occur with passing frontal systems -r 1n the
ctold air following the front. During late uxnger ang spring violent
thunderstorns +ore over Mt, Etna and sove over Catania when the steering flow
1s froe the northwest,

¢, The sea breeze should be expected daily during the wara season except unide.
the follouxnz conditions:
1} high aloft aver Sicily can oppose the return branch of the sea
breeze. The sea breeze will usually overcome the resistance but will be
weaker than noreal,
{2} When southerly flow across eastern Sicily descends toward Catama as
& west southwester!y, hot wind, visibility may be reduced to 1/2 mi, and
no sea breeze occurs, Stratus buildup along {he south coast of Sicily
usually precedes the event,

4. There is little advance :ndication of the formation of a tropical cvclone
1n the Mediterranean. Close monitoring of satellite images and synoptic
reports 1s necescary for early detection of a developing tropical cyclone. #An
approaching tropicai cyclone may be indicated by noting high, thin clouds 1n
cyclomicaliy sparatling, graduaily thickenxn? bands, or unexplained long-period
swell approaching from lhe southern seaicircie.

e, Fossible whenever Mt, Etna erupts or emits an ash plume and prevailing
winds are from the northwest guadrant,

t. The "Etesian® occurs when a deep thermal low foras over northwest India,

It creates a ncertherly monsoonal flow which crosses the Aegean and eastern
Mediterranesn Seas and generates swell which proga?ates westward to Sicily.
Maximum occurrence ts 1n August, when the thersal [ow is strongest. Observing
wind reports in the Aegean and eastern Mediterranean Sea will provide advance
warning of an ftesian event. Once generated, the westward moving swell reaches
the east coast of Sicily in 4-8 hours,
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VESSEL
LOCATION/SITUATION

.

POTENTIAL HAZARD

e e

EFFECT - PRECAUTIONAR'

3. Small boat operations.

Late Autuan

inter

Early Spring

Late Autumn
Early Ninter

Late Winter
Early Spring

Late Spring
Sumeer
Early Autusn

Winter
Spring
Susaer
Autuen

Winter
Spring
Susser
Autuan

Summer
Early Autuen

a. Strong winds/heavy seas froa

southeast quadrant - Primarily a late
aufuan, winter, early spring event. Can be
caused by "Bregale” or *Scirecco”. HMay
produce seas to 20 ft (& a) in cuter harbor,
with lesser heights refracting i1nto inner
harbor. Southeasterly seas are worst.
Southeasterly wind cotncident with
southeasterly swell results in a choppy
inner harbor. East winds may cause 6-1z ft
(2-3,5 #) seas to break over the top of Molo
gi Levanie, and 1 1/2 ft (1/2 ) long-period
swell to refract into the ineer harbor.
Refracted swell is worst for vessels soored
on the west side,

b. Rain/thunderstorss - Late autuen/eariy
winter depressions passing south of Sicaly
frequently cause heavy rain and/or
thunderstoras at Catania that say be
continuous for 24 hours. May also sccur
with passing frontal systems. Vicleat
thunderstoras fora over Mt. Etna late
winter/early spring and move over Latania
with hail, wind gusts tc 50kt and
uaterspou{s.

c. Sea breeze - in almost daily occurrence
late squnq thoough early autuan. An
unusually strong event may reach 27 kt and
cause boating to be cancelled at the
anchorage, and laz delay ships entering or
departan the anchorage., Usually begins
about 1030L, reaches a noraal eaximus of
?gggt 15 kt by 1500L, and diminishes about

d. Jropical cyclone - Uncosson tn the
Mediterranean, but when occurring have a
strong chance of developing in October. Two
of the three storss recorded since 1949 have
occurred in late September. High winds and
seas possible,

e, Ash fall from Mt. Etna - Catania 15 at
risk whenever Ht. ttna erupts or emits an
ash pluee.

f. Easterly swell - “Etesian® winds over the
eastern Mediterranean or Aegean Seas can cause
B-12 ft (2.5-3.5 n) swell to propagate westwarsg
ta the east coast of Sicilg. Maxisum
occurrence is in August. Swell may break over
top of Molo di Levante and refract | 1/7 ft
(1/2 m) long-period swell in inner haroor.
Worst effect is on west side.

a. Seall boat operations should be secured
state makes their operation unssfe,

b. Smail boats should be operated with extr
tirst indication of lightning or streng winds

¢. Minteal effect on inner harpor operations
kt. GSeall boat operations are canceied at ¢

d. All small boat ogerat:ons shoulo cease at
gyclone, Seall craft should be hoistec out ¢
or, in the case of shore-based tosts, weil at

g. CLover all delicate equipment. Secure aj
Ensure all engines which must ressin cperaty

f. Minimal effect on tnner-harbor aperation
anchorage say be affected 1f swell pericd is
coapounded by signiticant wind waves,

4. Helicopter operations,

Suamer

4, MWest-southwesterly winds 20-25 kt.

e e

3. MWest-southwesterly winds may cause turbu
operating in the Catania area.




{(Continued)

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

IONARY/EVASIVE ACTIONS

e secyred 1n winds over 27 kt or if sea a. otrong winds trom the southeast quadrant result when a strong or brilding
. higs pressure cell over central or eastern Eurcpe coincides with an
tntensifying low pressure system aver North Africa or lonian Sea. This is
primarily a late autumn, winter, early spring synoptic pattern. FPrognostic
charts should be reviewed with this scenario in ming. Winds assocxa?ed with a
Scirocco are often preceded by cumulitors clouds forming and staying over Mt,
Etna during southeasterly riow cver eastern Sicily,

with extreme caution and secured at the 0. Thungerstora sctivity Can be expected when a transient low pressure Systes
trong winds. sovee eastward south ot S1cily late in the season. Durln? late autumn and
winter cocl air moving cver the relatively wareer sea surtace causes

1nstabiitty which can result in sore-or-less continuous thunderstors activit
tor up to 24 hours. They @ay also occur with passing frontal cystess or 1n {ne
told air tollowing the front. During late winter and spring violent
thunderstorms form over Mt. Etne and move over Catania when the steering fiow
ts from the northwest.

M-
?Eggfggt;?n§7u:tess velocities exceed 20-2 t. The sea breere <hould be expected daily during the wara season except under
' e the éoliowing conditions:

B8] h;gh aloft over Sicily can oppose the return tranch of the sea
1 oreeze. The cea breeze will usually overcome the resistance but will te !

weaker than normal, i
{2} When scutherly #icw across eastern Sicily descends toward Catania as |
a west southuesterry‘ hot wind, visibility may be reduced to 1/2 i, and
! no sea breeze accurs., Stratus burldup along the south coast of Sicily
| usualiy precedes the event.

ld cease at the approach of the tropical { 4. There 1s little advance indication ot the formation of a tropical cvclone
1sted cut ot the water and secured on deck In the Mediterranean. (lose monitoring of satellite 1mages and synaptic
s, well above the high tide line, reports 1s necessary for early detection of a developing tropical cyclione. An
approachxn? tropxcaY cyclone eay be i1ndicated by noting high, thin clouds 1n
cyclonically spiralling, gradualiy thickenxn? bands, or unexplained long-period
swell approaching froe (he southern searcircle.
(Y Secure ali unnecessary engine operation, e. P“ossible whenever Mt. Etna erupts or emits an ash pluse and prevailing
“hin operating have adequate air filtrationm, winds gre from the northwest guadrant,
Y aperations. Runs to the outer harbor t. The "Etesian” occurs when a deep thermal iow foras aver northwest [ndia.
{ period is short, or swell motion is It creates a northerly monsoonal flaw which crosses the Aegean and eastern
s, Mediterranean Seas and generaies swell which prugagates westward to Sicily.
4 Maximua occurrence 1s in August, when the thermal low is strongest. Qbserving

wind reports 1n the Aegean and eastern Mediterranean Ses will provide advance
warning ot an Etesian event, Once generated, the westward moving swell reaches
the east coast ot Sicily in 4-8 hours.

Mause turdulence problems for helicopters 2. MWest-southwesterly winds nay result when a low pressure trough 1s located i
1n the western Mediterranean Sea. Turbulence at Catania may be preceded by
stratus clouds torming along the south coast of Sicily.
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PORT VISIT INFORMATION

JUNE 1985. NEPRF meteorologists R. Fett and R. Picard
met with NOCD meteorologists AGC Adams and Port Captain
CDR Petralia to obtain much of the information used in

this port evaluation.
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APPENDIX A

General Purpose Oceanographic Information

This section provides general information on wave
forecasting and wave climatolsgy as used in this study.
The forecasting material is naot harbor specific. The
material in paragraphs A.1 and A.2 was extracted from
H.0. Pub. Na. 603, Practical Methods for Observing and
Forecasting Ocean Waves (Pierson, Neumann, and James,
1955)., The information on fully arisen wave conditions
(A.3) and wave conditions within the fetch region (A.4)
is based on the JONSWAP model. This model was developed
from measurements of wind wave grawth over the North Sea
in 1973. The JONSWAP madel is considered more
appropriate faor an enclosed sea where residual wave
activity is minimal and the onset and end of locally
forced wind events occur rapidly (Thornton, 1984), and
where waves are fetch limited and growing (Hasselmann, et
al., 1976). Enclosed sea, rapid onset/subsiding 1local
winds, and fetch limited waves are more representative of
the Mediterranean waves and winds than the conditions of
the North Atlantic from which data was used for the
Pierson and Moskowitz (P-M) Spectra (Neumann and Pierson
1966). The P-M model refined the original spectra of
H.O. 603, which over developed wave heights.

The primary difference in the results of the
JONSWAP and P-M models is that it takes the JONSWAP model
longer to reach a given height or fully developed seas.
In part this reflects the different starting wave
conditions. Because the propagation of waves from
surrounding areas into semi-enclosed seas, bays, harbors,
etc. is limited, there 1is little residual wave action
fallowing periods of locally light/calm winds and the sea
surface is nearly flat. A local wind developed wave
growth 1is therefore slower than wave grawth in the open

ocean where some residual wave action is generally always
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present. This slower wave development is a built in bias
in the formulation of the JONSWAP model which is based on

data collected in an enclosed sea.

Definitions

Waves that are being generated by local winds are
called "SEAR". Waves that have traveled out of the gener-
ating area are known as "SWELL'". Seas are chaotic in
period, height and direction while swell approaches a
simple sine wave pattern as its distance from the gener-
ating area increases. An in-between state exists for a
few hundred miles outside the generating area and is a
condition that reflects parts of both of the above defi-
nitions. In the Mediterranean area, because its fetches
and open sea expanses are limited, SEA or IN- BETWEEN
conditions will prevail. The "SIGNIFICANT WAVE HEIGHT"

is defined as the average value of the heights of the

one~third highest waves. PERIOD and WAVE LENGTH refer to

the time between passage of, and distances between, two
successive crests an the sea surface. The FREQUENCY is
the reciprocal of the period (f = 1/T) therefore as the
period increases the frequency decreases. Waves result
from the tranzfer of energy from the wind to the sea
surface. The area over which the wind blows is known as
the FETCH, and the length of time that the wind has blown
is the DURATION. The characteristics of waves (height,
length, and period) depend on the duration, fetch, and
velocity of the wind. There is a continuous generation
of small short waves from the time the wind starts until
it stops. With continual transfer of energy from the
wind to the sea surface the waves grow with the older
waves leading the growth and spreading the energy over a
greater range of frequencies. Throughout the growth

cycle a SPECTRUM of ocean waves is being developed.
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Wave Spectrum

Wave characteristics are best described by means
of their range of frequencies and directions or their
spectrum and the shape of the spectrum. I+ the spectrum
of the waves covers a wide range of frequencies and
directions (known as short-crested conditions), SEA
conditions prevail. If the spectrum covers a narrow
range of frequencies and directions (long crested
conditions), SWELL conditions prevail. The wave spectrum
depends on the duration of the wind, length of the fetch,
and on the wind velocity. At a given wind speed and a
given state of wave develapment, each spectrum has a band
of frequencies where most of the total energy is
concentrated. As the wind speed increases the range of
significant frequencies extends more and more toward
lower frequencies (longer periods). The frequency oaf
maximum energy 1s given in equation 1.1 where v is the

wind speed in knats.

frmax = 2.476 (1.1)

The wave energy, being a function of height squared,
increases rapidly as the wind speed increases and the
maximum energy band shifts to lower frequencies. This
results in the new developing smaller waves t(higher
frequencies) becoming less significant 1n the energy
spectrum as well as to the observer. As larger waves
develop an observer will pay less and less attention to
the small waves. At the low fregquency (high period) end
the energy drops off rapidly, the longest waves are
relatively low and extremely flat, and therefore also
masked by the high energy frequencies. The result 1s
that 5% of the upper frequencies and 3% of the lawer

frequencies can be cut-off and only the remairning
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frequencies are considered as the "significant part of

the wave spectrum”. The resulting range of

significant
frequencies or periods are used in defining a fully

arisen sea. For a fully arisen sea the

average period

approximate
for a given wind speed can be determined
from equation (1.2). '

T = 0.285v (1.2

Where v is wind speed in knots and T 1is
seconds. The

period 1in
approximate average wave length in a fully
arisen sea is given by equation (1.3).

L =3.41 T= (1.3

Where L 1s average wave length in feet and T is average

periaod in seconds.

The approximate average wave length of a fully arisen sea
can also be expressed as:

L= .67"L" (1.4)
where "L" = 5.127=,

the wave length for the classic sine
wave.

Fully Arisen Sea Conditions

For each wind speed there are minimum fetch
mi) and duration (hr)

(n

values required for a fully arisen

sea to exist. Table A-1 lists minimum fetch and duration

values for selected wind speeds, values of significant

wave (average of the highest 1/3 waves) period and

height, and wave length of the averane wave during

developing and fully arisen seas. The minimum duration

time assumes a start from a flat sea. When pre—-existing
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lower waves exist the time to fetch limited height will
be shorter. Therefore the table duration time represents

the maximum duration required.

Table A-1. Fully Arisen Deep Water Sea Conditions Based
on the JONSWAF Model.

! Wind | Minimum i 8ig Wave (H1/3) ! Wave Length (ft)*-=i
i Speed | Fetch/Duration | Period/Height | Develaoping/Fully i
v (kt) i (n mi) (hrs) : (sec) (£t) } /Arisen |
: ! ' L X (.8 /L X (6710
! 10 28 7/ 4 ! 4 / 2 i 41 / 35 !
: 15 S5 / 6 : & / 4 ' 92 / 123 :
t 20 t 110/ 8 H 8 / 8 ! 164 / 220 i
H 25 1 160 / 11 ! ? / 12 H 208 / 278 '
} 30 + 210 /7 13 : 11 /7 16 : 310 / 4135 i
! 33 + 310/ 15 ! 13 7 22 i 433 / 580 |
: 40 1 410 / 17 : 15 /7 30 ! 576 / 772 :
NOTES:

* Depths throughout fetch and travel zone must be greater
than 1/2 the wave 1length, otherwise shoaling and
refraction take place and the deep water
characteristics of waves are modified.

= For the classic sine wave the wave length (L) equals
S5.12 times the period (T) squared (L = 5.12T=). As
waves develop and mature to fully developed waves and
then propagate out of the fetch area as swell their
wave lengths approach the classic sine wave length.
Therefore the wave ‘engths of developing waves are less
than those of fuily developed waves which in turn are
less than the 1length of the resulting swell. The
factor of .5 (developing) and .67 (fully developed)
reflect this relationghip.
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Wave Conditions Within The Fetch Region

Waves produced by local winds are referred to as
SEA. In harbors the local sea or wind waves may create
hazardous conditions for certain operations. Generally
within harbors the fetch 1lengths will be short and
therefore the growth of local wind waves will be fetch
limited. This implies that there are locally determined
upper limits of wave height and period faor each wind
velocity. Significant changes in speed or direction will
result in generation of a new wave group with a new set
of height and period limits. Once a fetch limited sea
reaches its upper limits no further growth will occur

unless the wind speed increases.

Table A-2 provides upper limits of period and
height for given wind speeds over some selected fetch
lengths. The duration in hours required to reach these
upper limits (assuming a start from calm and flat sea
conditions) is also provided for each combination of
fetch length and wind speed. Some possible uses of Table

A-2 information are:

1) I1If the only waves in the area are locally
generated wind waves, the Table can be used
to forecast the upper limit of sea conditions
for comtinations of given wind speeds and
fetch length,

2) I¥f deep water swell is influencing the local
area in addition to locally generated wind
waves, then the Table can be used to
determine the wind waves that will combine
with the swell. Shallow water swell
conditions are influenced by local bathymetry
(refraction and shoaling) and will be
addressed in each specific harbor study.

3) Given a wind speed over a known fetch length
the maximum significant wave conditions and
time needed to reach this condition can be
determined.
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Table A-2. Fetch Limited Wind Wave Conditions and Time
Required to Reach These Limits (Based on JONSWAP Model).
Enter the table with wind speed and fetch length to de-~
termine the significant wave height and period, and time
duration needed for wind waves to reach these limiting
factors. All of the fetch/speed combinations are fetch
limited except the 100 n mi fetch and 18 kt speed.

Format: bheight (feet)/period (seconds)
duration required (hours)

! Fetch \ Wind Speed (kt) H
{ Length \ 18 : 24 ! 30 ! 36 : 42 '
i (n_mi) | | } ! : :
' 10 : 2/3-4 | I/3-4 | I-4/4 ' 4/4-35 | 5/S8 !
! ! 1-2 ! 2 i 2 | 1-2 : 1-2 H
! ' H ! i ; H
H 20 i 3/4-5 | 4/4-5 | S/S5 ! &/5-6 | 7/5-6 |
: \ 2-3 | 3 } 3 i 3-4 ' 3 H
! : ! ! | H !
) 30 VO 3-4/5 ! 5/5-é | 6/6 ! 776 { 8/76&-7 |
H ; 3 ' 4 ! 3~-4 ! 3I-4 i 3 \
! 40 i 4~-5/5-6 | 5/6 H &~-7/6-7 | 8s7 i 9-10/7-B !
' i 4-3 ! 4 ! 4 ! 4 ! 3-4 !
! 100 { S/&E-7 { 9/8 ! 11/9 ! 1379 ! 15~16/79-10!
H ! 5-6 i 8 : 7 ! 7 ! 7 !
* 18 kt winds are naot fetch limited over a 100 n mi fetch.

An exampl

e of expected wave conditions based on Table A-2 follaows:
WIND FORECAST OR CONDITION

An offshore wind of about 24 kt with a fetch limit of 20

n mi {ship 1is 20 n mi from the coast) is forecast or has
been occurring.
SEA FORECAST OR CONDITION

From Table A-2: If the wind condition is forecast to

last, or has been occurring, for at least 3 hours:
Expect sea conditions of 4 feet at 4-5 second
period to develop or exist. If the condition
lasts less than 3 hours the seas will be lower.
I+ the condition lasts beyond 3 hours the sea
will nat grow beyond that developed at the end
of about 3 hours unless there 1s an increase in
wind speed or a change in the directian that

results in a longer fetch.

A-7




Wave Climatology

The wave climatology used in these harbor studies
is based on 11 years of Mediterranean S0OWM output. The
MED-SOWM is discussed in Volume 11 of the U.S. Naval
Oceanggraphy Command Numerical Environmental Products
Manual (1986). A deep water MED-SOWM grid point was

selected as representative of the deep water wave

conditions outside each harbor. The deep water waves
were then propagated intoc the shallow water areas. Using
linear wave theory and wave refraction computations the
shallow water climatology was derived from the modified
deep water wave conditions. This climatology does not
include the lccal wind generated seas. This omission, by
design, 1is accounted for by removing all wave data for
periods less than 6 seconds in the climatology. These
shorter period waves are typically dominated by locally

generated wind waves.

Propagation of Deep Water Swell Into Shallow Water Areas

when deep water swell moves 1into shallow water
the wave patterns are modified, i.e., the wave heights

and directions typically change, but the wave period

- -3 ———— - e ————— i ———— -

remains constant. Several changes may take place in-

cluding shoaling as the wave feels the ocean bottom, re-
fraction as the wave crest adjusts to the bathymetry
pattern, changing so that the crest becomes more parallel
to the bathymetry contours, friction with the bottom
sediments, interaction with currents, and adjustments
caused by water temperature gradients. In this work,
only shoaling and refraction effects are considered.
Caonsideration of the other factors are beyond the
resources available for this study and, {furthermore, they
are considered 1less significant in the harbors of this
study than the refraction and shoaling factors.

To determine the conditions of the deep water

waves in the shallow water areas the deep water

A-8




o

conditions were first obtained from the Navy ' 's
operational MED-SOWM wave model. The bathymetry for the
harbaor/area of interest was extracted from available
charts and digitized for computer use. Figure A-1 is a
sample plot of bathymetry as used in this project. A ray
path refraction/shoaling program was run for selected
combinations of deep water wave direction and period.
The selection was based on the near deep water wave
climatology and harbor exposure. Each study area
requires a number of ray path computations. Typically
there are 3 or 4 directiaons (at 30° increments) and S or
6 periods (at 2 second intervals) of concern for each
area of study. This results in 15 to 24 plots per
areas/harbor. To reduce this to a manageable format for
quick reference, specific locations within each study
area were selected and the information was summarized and
is presented in the specific harbor studies in tabular

form.
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Figure A-1. Example plot of bathymetry (Naples harbor) as used in this
project. For plotting purposes only, contours are at S0 fathom
intervals from an initial 10 fathoms to 110 fathoms, and at 100 fathom
intervals thereafter. The larger size numbers identify specific
anchorage areas addressed in the harbor study.
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KINGMAN BLDG.

FT. BELVOIR, VA 22060

DIRECTOR, ENV. & LIFE SCI.
OFFICE OF UNDERSECRETARY OF
DEFENSE FOR RSCH & ENG E&LS
RM. 30129, THE PENTAGON
WASHINGTON, DC 20505

COMMANDANT

DEFENSE LOGISTICS STUDIES
INFORMATION EXCHANGE

ARMY LOGISTICS MANAGEMENT
CENTER

FORT LEE, VA 23801

COMMANDING OFFICER
USCG RESTRACEN
YORKTOWN, VA 23690

FEDERAL COORD. FOR METEORO.
SERVS. & SUP. RSCH. (OFCM)
11426 ROCKVILLE PIKE

SUITE 300

ROCKVILLE, MD 20852

NOAA RSCH FACILITIES CENTER
P.0. BOX 520197
MIAMI, FL 33152

HEAD

OFFICE OF OCEANO. & LIMNOLOGY
SMITHSONIAN INSTITUTION
WASHINGTON, DC 20560

SCIENCE APPLICATIONS
INTERNATIONAL CORP, (SAIC)

205 MONTECITQ AVE.

MONTEREY, CA 93940

DIRECTOR

LIBRARY, TECH. INFO. CEN.
ARMY ENG. WATERWAYS STN.
VICKSBURG, MS 39180

CENTRAL INTELLIGENCE AGENCY
ATTN: OCR STANDARD DIST.
WASHINGTON, DC 20505

COMMANDANT
U.S. COAST GUARD
WASHINGTON, DC 20226

COMMANDING OFFICER
USCG RSCH & DEV. CENTER
GROTON, CT 06340

NATIONAL CLIMATIC CENTER
ATTN: L. PRESTON D542X2
FEDERAL BLDG. - LIBRARY
ASHEVILLE, NC 28801

OIRECTOR

ATLANTIC MARINE CENTER

COAST & GEODETIC SURVEY, NOAA
439 W. YORK ST.

NORFOLK, VA 23510

SCRIPPS INSTITUTION OF
CCEANOGRAPHY, LIBRARY
DOCUMENTS/REPORTS SECTION

LA JOLLA, CA 92037

OCEANROUTES, INC.
680 W. MAUDE AVE.
SUNNYVALE, CA 94086-3518

Dist-5

DIRECTOR (12)

DEFENSE TECH. INFORMATION
CENTER, CAMERON STATION

ALEXANDRIA, VA 22314

DIRECTOR, TECH. INFORMATION
DEFENSE ADV. RSCH PROJECTS
1400 WILSON BLVD.
ARLINGTON, VA 22209

CHIEF, MARINE SCI. SECTION
U.S. COAST GUARD ACADEMY
NEW LONDON, CT 06320

OCEANOGRAPHIC SERVICES DIV,
NOAA

6010 EXECUTIVE BLVD.
ROCKVILLE, MD 20852

DIRECTOR

NATIONAL OCEANO. DATA CENTER
£/0C23, NOAA

WASHINGTON, DC 20235

CHIEF, INTERNATIONAL AFFAIRS
NATIONAL WEATHER SERVICE
8060 13TH STREFT

SILVER SPRING, MD 20910

WOODS HOLE OCEANO. INST.
DOCUMENT LIBRARY LO-206
WOO0DS HOLE, MA 02543

MR. W. G. SCHRAMM/WWW

WORLD METEQROLOGICAL
ORGANIZATION

CASE POSTALE #5, CH-1211

GENEVA, SWITZERLAND




. s
-

DIRECTOR, INSTITUTE OF
PHYSICAL OCEANOGRAPHY

HARALDSGADE 6

2200 COPENHAGEN N.

DENMARK

MINISTRY OF DEFENCE
NAVY DEPARTMENT
ADMIRALTY RESEARCH LAB
TEDDINGTON, MIDDX
ENGLAND

METEOROLOGIE NATIONALE
SMM/DOCUMENTATION

2, AVENUE RAPP

75340 PARIS CEDEX 07
FRANCE

DIRECTION DE LA METEOROLOGIE
ATTN: J. DETTWILLER, MN/RE
77 RUE DE SEVRES

92106 BOULOGNE-BILLANCOURT
CEDEX, FRANCE

INSTITUT FUR MEERESKUNDE DER
UNIVERSITAT HAMBURG
HEIMHUDERSTRASSE 71

2000 HAMBURG 13

FEDERAL REPUBLIC OF GERMANY

CONSIGLIO NAZIONALE DELLE
RICERCHE

1STITUTO TALASSOGRAFICO DI
TRIESTE, VIALE R. GESSI 2

34123 TRIESTE, ITALY

DIRECTOR OF NAVAL
OCEANO. & METEOROLOGY
MINISTRY OF DEFENCE
OLD WAR OFFICE BLDG.
LONDON, S.W.1. ENGLAND

COMMANDER IN CHIEF FLEET
ATTN: STAFF METEOROLOGIST &

OCEANOGRAPHY OFFICER
NORTHWOOD, MIDDLESEX HA6 3HP
ENGLAND

SERVICE HYDROGRAPHIQUE ET
OCEANOGRAPHIQUE DE LA MARINE
ESTABLISSEMENT PRINCIPAL

RUE DU CHATELLIER, B.P. 426
29275 - BREST CEDEX, FRANCE

OZEANOGRAPHISCHE
FORSCHUNGSANTALT BUNDESWEHR
LORNSENSTRASSE 7, KIEL
FEDERAL REPUBLIC OF GERMANY

DIRECTOR, DEUTSCHES
HYDROGRAPHISCHES INSTITUT
TAUSCHSTELLE, POSTFACH 220
02000 HAMBURG 4

FEDERAL REPUBLIC OF GERMANY

DIRECTOR, SACLANT ASW
RESEARCH CENTRE

VIALE SAN BARTOLOMEO, 400

[-19026 LA SPEZIA, ITALY

Dist-6

THE BRITISH LIBRARY

SCIENCE REFERENCE LIBRARY (A)
25 SOUTHAMPTON BLDGS.
CHANCERY LANE

LONDON WC2A 1AW

LIBRARY, INSTITUTE OF
OCEANOGRAPHIC SCIENCES

ATTN: DIRECTOR

WORMLEY, GODALMING

SURRY GU8 5UB, ENGLAND

METEOROLOGIE NATIONALE
1 QUAI BRANLY

75, PARIS (7)

FRANCE

INSTITUT FUR MEERESKUNDE
AN DER UNIVERSITAT KIEL
DUSTERNBROOKER WEG 20

23 KIEL

FEDERAL REPUBLIC OF GERMANY

ISTITUTO UNIVERSITARIO NAVALE
FACILTA DI SCIENZE NAUTICHE
ISTITUTO DI METEOROLOGIA €
OCEANOGRAFIA, 80133 NAPOLI -
VIA AMM, ACTON, 38 ITALY




